To examine the benefits and harms of behavioral and pharmacologic weight-management interventions for overweight and obese children and adolescents.
In 2005, the US Preventive Services Task Force (USPSTF) found insufficient evidence to recommend for or against routine primary care screening for overweight in children and adolescents as a means of preventing adverse health outcomes (an "I" recommendation). 1, 2 The USPSTF concluded that, although there was fair evidence that overweight adolescents and children aged Ն8 years are at increased risk for becoming obese adults, the efficacy of behavioral counseling or other primary care-relevant interventions for treating overweight children and adolescents was uncertain.
Given the findings in a recently published systematic review on weightmanagement programs for children and adolescents, 3 the USPSTF decided to update its recommendation, focusing on the critical evidence gap concerning treatment efficacy at the time of the last review. Thus, for this targeted systematic review, we examined evidence on primary care-relevant behavioral and pharmacologic weightmanagement interventions for overweight and/or obese children and adolescents (defined as those between 2 and 18 years of age who meet criteria for increased BMI appropriate to their age and gender).* Behaviorally based interventions are considered the first line of treatment for overweight and obesity in children and adolescents. These interventions promote weight loss through modifications in diet and activity level and often involve parents or entire families, particularly for younger children. Behavioral interventions often include cognitive and behavioral management techniques to help participants initiate and sustain needed lifestyle changes; such elements may address problemsolving, goal-setting, limiting exposure to unhealthy food, healthy thinking about food and the body, and relapse prevention. 5, 6 Pharmacologic agents are potential adjuncts to behavioral interventions for severely obese adolescents. The US Food and Drug Administration (FDA) approved the lipase inhibitor orlistat for prescription use in obese adolescents aged Ն12 years 7 and sibutramine, a centrally acting appetite suppressant, for adolescents aged Ն16 years. 8 Both drugs have potential negative adverse effects. 9 Bariatric surgery as a possible treatment for severely obese older adolescents was judged by the USPSTF to be out of scope for this review.
METHODS
Using the methods of the USPSTF, 10 we developed 3 key questions (KQs) (with 6 sub-KQs) and an analytic framework (Fig 1) to evaluate the effectiveness and safety of primary care-relevant behavioral and pharmacologic treatments for overweight and/or obese children.
We based our updated literature searches on the previous USPSTF review 2 and intervening systematic reviews from the National Institute for Health and Clinical Excellence (NICE) and the Agency for Healthcare Quality and Research (AHRQ). 9, 11 We searched Ovid Medline, PsycINFO, the Database of Abstracts of Reviews of Effects, the Cochrane Database of Systematic Reviews, the Cochrane Central Register of Controlled Trials, and the Education Resources Information Center from 2005 (2003 for pharmacologic treatments) to June 10, 2008, to identify literature that was published after the search dates of these reports (see Appendices 1 and 2). Besides examining trials from key previous systematic reviews, 2, 3, 11 we hand-searched the reference lists of other good-quality reviews of childhood obesity treatment, 5, [12] [13] [14] of all included trials, and further supplemented with expert-identified studies. We did not examine non-peerreviewed sources (gray literature) or non-English-language literature.
Two investigators independently reviewed 2786 abstracts and 369 articles (Fig 2) against inclusion and exclusion criteria prespecified for each KQ (Appendix 3). Discrepancies were resolved by consensus. One investigator abstracted prespecified study information (Appendix 4) into evidence tables, and a second investigator verified the accuracy. Two investigators independently quality rated the studies by using design-specific criteria (Appendix 5). Discrepancies were resolved by consensus or consultation with a third investigator. Poor-quality studies were excluded.
Among behavioral trials, hours of contact was calculated as a proxy for treatment intensity and categorized as very low (Ͻ10 hours), low (10 -25 hours), moderate (26 -75 hours), or high (Ͼ75 hours). Weight outcomes were categorized as short-term (6 -12 months since beginning treatment) or maintenance (between 1 and 4 years after beginning treatment and at least 12 months after ending active treatment). Interventions were considered comprehensive if they included (1) weight-loss or healthy diet counseling, (2) physical activity counseling or physical activity program participation, and (3) behavioral management techniques to help make and sustain changes in diet and physical activity.
When possible, data were synthesized by using quantitative methods. For many questions, however, we relied on *The USPSTF has updated its terminology to be consistent with revised recommendations by the Expert Committee on child and youth obesity. 4 Although cutoffs remain the same, the Expert Committee now recommends using the term "overweight" to refer to children aged 2 to 18 years with a BMI in the 85th to 94th percentiles for their age and gender (previously referred to as "at risk for overweight") and "obese" to refer to children with a BMI at Ն95th percentile for their age and gender (previously "overweight"). Children or adolescents who have a BMI at Ն30 (the adult criterion) are also considered to be "obese."
qualitative synthesis because of significant heterogeneity in setting, age range, intervention approach, weight or other outcome reported, and length of follow-up. For the behavioral interventions, we conducted meta-analyses of short-term and maintenance outcomes separately. We performed a statistical test of heterogeneity (I 2 ), which measures the percentage of variability in effect size attributable to betweenstudy variation (as opposed to withinstudy sampling error). 15 We considered values of Ͻ30% to indicate little heterogeneity and those of Ͼ50% to indicate possible substantial heterogeneity incompatible with pooling. We did not conduct funnel plots to assess for publication bias, because our data were too heterogeneous to combine or, when pooled, included no more than 3 studies. We used change in BMI from baseline as the preferred measure of weight change when it was available. If BMI change was unavailable and could not be calculated or obtained from the author, we used change in BMI standard deviation score (SDS) as our second choice and change in percent overweight as the third choice. Because we combined different outcomes, we analyzed standardized effect sizes. As a sensitivity analysis, we also ran meta-analyses to examine only those that reported BMI change. All meta-analyses were conducted by using RevMan 4.2 (Copenhagen: The Nordic Cochrane Center, The 
FIGURE 1
Analytic framework and KQs. Cochrane Collection). We report additional details, including assumptions for modeling BMI change at various ages, in Appendix 1.
The AHRQ funded this work, provided project oversight, and assisted with internal and external review of the draft evidence synthesis but had no role in the design, conduct, or reporting of the review. We worked with 4 USPSTF members to develop the analytic framework, set the review scope, and resolve methodologic issues during the conduct of the review. The draft evidence synthesis was reviewed by 8 external peer reviewers and was revised for the final version. 
RESULTS

KQ1
Behavioral Interventions
We identified 11 fair-or good-quality behavioral intervention trials in 14 publications in which short-term weight outcomes (6 -12 months after entry) in 1099 obese or overweight children and adolescents aged 4 to 18 years (Table  1) were reported. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] The majority of the studies were published in 2005 or later, with only 2 22,23 included in the previous USPSTF review. 30 At study entry, most participants in these trials exceeded the 95th percentile for BMI and, in some cases, met adult criteria for class I obesity. We rated 6 of the trials 16, 19, 20, 22, 25, 26 as good quality and the remaining trials as fair quality. Most trials that used randomization failed to report whether treatment allocation was blinded, and most trials did not report whether those conducting follow-up assessments were blind to the treatment condition. Many of the trials were also quite small; only 3 trials had treatment arms with Ͼ40 participants at follow-up. Although several trials reported retention of Ն90%, retention in 3 trials was Ͻ70%. 16, 17, 23 All 11 behavioral intervention trial results were consistent with a beneficial effect on BMI, BMI SDS, or percentage overweight, although not all differences were statistically significant (Table 1 ; Fig  3) . At 6 to 12 months' follow-up, intervention groups were 0. (Fig 3) . Parallel analyses on the subset of trials that reported BMI change, calculating weighted mean differences, resulted in a similar pattern of results but with greater statistical heterogeneity (I 2 ϭ 64%) (figure not shown). In the single comprehensive medium-to high-intensity trial with 12 additional months of follow-up, benefits were maintained.
It should be noted that the standardized effect based on pooling the 3 comprehensive, very low-intensity (Ͻ10-hour) intervention trials showed a homogeneous (I 2 ϭ 0%), statistically significant, short-term benefit (P ϭ .006). In the single trial with 6 additional months of follow-up, benefits were not maintained. 20 Two of these trials were conducted in primary care settings and recruited participants through primary care. Although the data are sparse and must be interpreted cautiously, they suggest that primary care-based interventions of relatively low intensity could potentially improve BMI a modest amount, at least in the short-term.
Combined Behavioral and Pharmacologic Interventions
We identified 7 trials (all fair-or goodquality randomized, controlled trial [RCTs]) 31-37 for which short-term weight effects of either sibutramine (N ϭ 715) or orlistat (N ϭ 579) plus behavioral counseling in adolescents aged 12 to 19 years (Table 2) were reported. All of the trials compared active medication plus behavioral counseling to placebo plus the same behavioral counseling. All participants met a BMI-based criteria for obesity (either above the ageand gender-specific 95th-97th percentile or at a BMI of Ͼ30 kg/m 2 ), with the mean BMI typically 35 to 38 kg/m 2 at baseline. Of the 6 trials for which funding sources were reported, all but 1 was funded completely or partially by the pharmaceutical industry.
Two of the trials were large, multicenter RCTs conducted in North America: 1 trial of sibutramine 32 and 1 of orlistat. 33 Both evaluated 12 months of treatment and revealed it to be superior to placebo. In the large sibutramine trial (N ϭ 498), mean BMI reduction in the sibutramine-treated group was 2.9 kg/m 2 compared with 0.3 kg/m 2 in the control group (P Ͻ .001). 32 In the large orlistat trial (N ϭ 539), BMI reduction in the orlistattreated group was 0.55 kg/m 2 compared with a gain of 0.3 kg/m 2 in the control group (P Ͻ .001). 33 Results from trials in which 6 months of sibutramine or orlistat were evaluated also favored the intervention groups 
Behavioral Interventions
As described above, only 2 trials provided repeated measures to directly assess weight-change maintenance. 18, 20 However, 2 other trials 38,39 reported longer-term outcomes that fit our "maintenance" definition. Thus, 4 available studies reported on 562 children and adolescents at least 12 months after completing a weight-management intervention (15-48 months since beginning treatment) ( Table 1) . We did not combine these trials quantitatively, because they each fell into different a priori groups on the basis of comprehensiveness and intensity. We provide a forest plot of the 4 trials showing standardized effect sizes in Fig 4. Three of the 4 trials revealed that intervention groups had beneficial changes in BMI or percent overweight compared with controls. 18, 38, 39 In the 2 effective trials for which BMI change was reported, 18,38 BMI increased by 1.7 kg/m 2 less in the intervention group than in the control group. In the third effective trial in which a non-BMI metric was used, 39 the intervention participants dropped from 36.5% overweight to 26.6% overweight, whereas the degree of overweight in the control participants was unchanged.
Combined Behavioral and Pharmacologic Interventions
Longer-term follow-up of weight loss after active treatment with sibutra- Data were not provided for the 12-month midtreatment effect, so the 24-month effect is provided, which is an underestimate of the 12-month effect. Graphical data indicated significant between-group differences at 12 months, so the 24-month data are considered statistically significant and used in the meta-analysis of short-term effects.
REVIEW ARTICLES mine or orlistat was discontinued was not reported for any trial. 
KQ1a and
Behavioral Interventions
Only approximately half (n ϭ 7) of the weight-management studies also reported effects on lipids, blood pressure, glucose/insulin measures, or adiposity. Minimal impact was reported on lipid levels, blood pressure, diet, physical activity level, and psychosocial measures (see full report for greater detail). 40 We have low confidence in these results because of incomplete reporting of these outcomes across studies, including the possibility of selective reporting.
Adiposity was the most common additional measure, reported in 5 of 13 behavioral counseling trials. 16, 19, 23, 24, 38 All 5 trials revealed a greater reduction in adiposity after the intervention condition compared with the control condition, including one that did not show differences in the primary weight outcome. 19 Two 16,18 of the 3 16, 18, 19 trials that reported on fasting insulin and insulin resistance, as measured by the homeostasis model assessment of insulin resistance (HOMA), showed more favorable results in intervention groups relative to the control group. Two 24,38 of the 3 trials 17,24,38 that reported on physical fitness revealed that intervention-group participants were more fit than those in the control groups.
Combined Behavioral and Pharmacologic Interventions
All 7 trials of combined behavioral and pharmacologic interventions measured effects on lipids, and almost all (n ϭ 6) also measured blood pressure and waist circumference. Trials of sibutramine generally reported favorable reductions in waist circumference among patients who were taking sibutramine compared with placebo. In addition, the large 12-month trial of sibutramine reported greater improvements in high-density lipoprotein cholesterol and reductions in triglycerides, serum insulin, and the homeostasis model assessment of insulin resistance, compared with the placebo group, although no differences were found for the shorter-term trials. Low-density lipoprotein cholesterol and fasting serum glucose levels were not different between groups for any of the sibutramine trials.
Among patients taking orlistat, Chanoine et al 33 reported that both waist circumference and hip circumference decreased more in those who were receiving active treatment compared with placebo at 12 months (P ϭ .01 for
FIGURE 3
Pooled analysis:short-term weight change effect size (ES) of behavioral interventions (KQ1). SMD indicates standardized mean difference.
both in least-squares mean analysis Adverse effects are summarized here, with more detailed accounts in the full evidence review. 40 
Behavioral Interventions
Six 16, 19, 20, 22, 25, 39 of 13 trials on which weight outcomes were reported also revealed potential harms of behavioral weight-management interventions. Two other trials 41,42 that did not meet treatment inclusion criteria reported injury rates among obese children in exercise programs.
We found no evidence that behavioral intervention programs may be harmful, except they perhaps mildly increase injury risk with exercise. Among the 6 weight-management trials, none showed differences in height, 16, 19 eating-disorder pathology, 20,22,25 or depression. 39 From the 2 trials in which injuries in exercise programs were examined, 1 fracture was reported for the intervention groups (n ϭ 114), whereas no children in the control groups reported injuries. 41, 42 More robust harms assessment and reporting would reassure us that these programs are as safe as they seem. Ϫ8.5% Ϯ 6.8%; control:
On the basis of comparison of percentage change in BMI between groups.
c Result of analysis-of-variance testing interaction between treatment group and time.
d
Patients were treated with behavioral treatment ϩ sibutramine or placebo for 3 months and then behavioral treatment alone for 3 months.
e Calculated on the basis of differences reported baseline to 3 months and 3 to 6 months.
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Combined Behavioral and Pharmacologic Interventions
All sibutramine trials evaluated the effects on heart rate and systolic and diastolic blood pressure. Three 31,32,34 of the 5 sibutramine trials revealed greater increases in heart rate and systolic and/or diastolic blood pressure in the sibutramine-treated group compared with the control group after 6 or 12 months of treatment. These differences, however, were small in magnitude. In the 12-month, multicenter sibutramine trial, tachycardia occurred more commonly in the sibutramine-treated group than in the control group (12.5% vs 6.2%; P ϭ .049). The number of withdrawals that resulted from tachycardia, however, was similar between groups.
None of the sibutramine trials showed group differences in the overall rates of having any adverse event, any serious adverse event, or discontinuation caused by adverse events. In the large 12-month sibutramine trial, serious adverse events were reported by 2.7% of patients in the sibutramine-treated group and Ͻ1% of those in the control group. 32 Only 1 of these events (excessive nausea and vomiting) was thought to be related to sibutramine. No adverse effect on growth and maturation was found. 32, 34 Abdominal complaints and constipation were also found to be statistically higher in the sibutraminetreated group in the shorter-term trials.
In the trials in which orlistat was tested, rates of serious adverse effects and discontinuation of therapy resulting from adverse effects were low and similar between groups. In the Chanoine et al trial, 33 only 1 serious adverse event was thought to be study related: asymptomatic cholelithiasis in a 15-year-old girl who had lost 15.8 kg by the time of the event. In the Maahs et al trial, 36 1 suicide death of a patient who was under a psychiatrist's care occurred in the orlistattreated group. No deaths occurred in the group on placebo.
Gastrointestinal adverse effects were common among patients taking orlistat. In the largest trial, 50% reported fatty or oily stools compared with 8% of those on placebo, and 20% to 30% reported oily spotting, oily evacuation, abdominal pain, fecal urgency, or flatus with discharge compared with 2% to 11% on placebo. Note that 9% of orlistat patients reported fecal incontinence, compared with Ͻ1% of patients on placebo. However, researchers also reported that the gastrointestinal adverse effects were mostly of mild-tomoderate intensity and led to discontinuation of treatment among only 2% of orlistat patients. 
Behavioral Interventions
We found that comprehensive mediumto high-intensity behavioral interventions for obese children and adolescents (Ͼ95th to 97th percentile for age and gender) aged Ն6 years can effectively produce short-term improvements in weight and probably also in adiposity. The weight change associated with these interventions was generally modest (1.9 -3.3 kg/m 2 difference between groups in mean change in BMI after 6 -12 months). Modeling this effect on BMI over 1 year suggests a relative reduction in weight gain with continuing growth in treated
FIGURE 4
Plot of maintenance effect sizes (ES) of behavioral interventions (KQ2). SMD indicates standardized mean difference.
participants compared with controls, rather than weight loss per se. For an 8-year-old boy or girl, the largest BMI difference (3.3 kg/m 2 ) would translate to an ϳ13-lb difference after 12 months (assuming the 50th percentile for height for ages 8 and 9 years and ϳ2 in of growth). For a 12-year-old boy or girl, this would translate to a 17-to 18-lb difference under similar assumptions. In girls aged 16 years, this BMI difference would translate to ϳ19 lb, whereas for boys aged 16 years the difference would be between 22 and 23 lb when using similar assumptions. Limited evidence (1 study) suggests that these improvements can be maintained over the 12 months after treatment. Limited evidence also suggests that reductions in cardiovascular risk factors do not routinely occur, but improvements in insulin resistance may be seen in the setting of mediumto high-intensity comprehensive interventions. Firm conclusions are difficult to draw, because these outcomes were not consistently reported in the behavioral intervention literature, with no more than 4 studies reporting any 1 risk factor. Because children and adolescents included in behavioral interventions tended to be less obese than those in pharmacologic treatment trials, they might also be less likely to have elevated cardiovascular or diabetes risk factors; thus, these differences would be difficult to detect.
Medium-to high-intensity interventions were conducted in specialty health care (such as pediatric obesity referral clinics) or similar settings. Although these interventions would likely not be feasible for implementation in a primary care setting, they would be feasible for a health plan to offer, thus making them potentially available for referral from primary care. Lower-intensity interventions that might be feasible for primary care had a more modest, less consistent BMI benefit.
Behavioral weight-management interventions apparently have few harms. On the basis of limited study reporting, we found no evidence of adverse effects on growth, eating-disorder pathology, or mental health. These findings are consistent with data from several noncomparative studies, including 1 that followed 158 children for 10 years and revealed that weight loss was not related to growth in height in a multivariate model that controlled for child age, gender, baseline height, baseline percent overweight, and midparental height. 43 We also found little risk of exercise-induced injuries from behavioral interventions. Although these findings are reassuring, they are tentative because of incomplete reporting, because fewer than half of the behavioral intervention trials reported any potential adverse effects.
Combined Pharmacologic and Behavioral Interventions
Pharmacologic adjuncts to behavioral interventions have been studied only in obese adolescents aged 12 to 18 years who met adult criteria for class II obesity (mean BMI of 35-40 kg/m 2 at trial entry); these adjuncts provide superior benefits compared with behaviorally based treatment alone. In a large sibutramine trial, participants who received 10 to 15 mg/day of sibutramine treatment plus a behavioral intervention decreased their BMI by 2.9 kg/m 2 after 12 months, corresponding to an average weight reduction of 6.5 kg (14 lb). This is compared with a BMI reduction of 0.3 kg/m 2 , corresponding to a weight gain of 1.9 kg (4.2 lb), among trial participants who received a behavioral intervention plus placebo. Although the effect of sibutramine seems to be larger than that of orlistat, direct head-to-head comparisons of pharmacologic agents in combination with the same, proven behavioral interventions would be required to confirm this impression.
The minimal behavioral intervention provided to all participants in sibutramine and orlistat trials consisted of advice to follow a calorie-restricted diet (eg, 2100 kJ/day [500 kcal/d] deficit) and meet physical activity goals (eg, at least 30 minutes of aerobic activity per day). All but 1 trial 35 also included a behavior-management program that ranged in intensity from 7 to 19 sessions with a dietitian, psychologist, or psychiatrist. Details and fidelity of the behavioral interventions in these combined treatment trials is unknown; therefore, it is difficult to compare the findings of these trials with those of the behavioral trials.
Although trial participants who received sibutramine developed cardiovascular adverse effects (tachycardia or mild relative increases in systolic or diastolic blood pressure), the clinical significance of the effects are unknown. For orlistat, mild-to-moderate gastrointestinal adverse effects were common, but few participants (2%) discontinued treatment because of these adverse effects. The impact that gastrointestinal effects would have on treatment adherences outside a trial setting is unclear. Limited evidence also suggests no adverse effects on growth or maturation for sibutramine or orlistat. Serious adverse effects were also uncommon. Risks of these medications should be weighed against the fact that both drugs lack evidence of persistence of weight reduction after active treatment ends.
Applicability to Real-World Settings
Two of the behavioral intervention programs specifically addressed the use of very low-intensity interventions (ϳ4 hours of total intervention time) that could be integrated into primary care. 20, 22 One of these programs im-REVIEW ARTICLES proved short-term weight loss 22 by using support staff to provide adjunctive care through mail and telephone counseling, thus relieving the primary care provider of some of the burden of conducting the intervention. Dissemination research is needed to determine widespread feasibility.
Higher-intensity programs conducted in specialty care settings may also be feasible for many health care settings, perhaps at little extra cost, including adapting the detailed protocols developed for the trials included in this review. The year-long Bright Bodies weight-management program was conducted at a pediatric obesity clinic in the United States and accepted children who ranged in age from 8 to 16 years. 16 The Bright Bodies program involved ϳ98 total hours of contact through an ongoing educational program (50 minutes/week for 6 months, and then biweekly) that provided information on nutrition, physical activity, behavior-change strategies, coping skills, and relapse prevention and through organized 50-minute exercise sessions twice per week during the first 6 months, then once every 2 weeks during the next 6 months. Parents or caregivers attended all educational sessions. This program was facilitated by a registered dietitian or social worker and an exercise physiologist. A team of professionals in these or related fields would likely have the requisite training to conduct this type of program without extensive additional training. Third-party payment for these types of programs or indication of their cost-effectiveness would assist their uptake in the real world.
The adolescents in whom effective pharmacologic treatments have been studied are in the upper percentiles of the BMI range or have met criteria for class II or III obesity in adults and, thus, represent a small fraction of the 16% of girls and 18% of boys aged 12 to 19 years who are obese. Recent estimates indicated that only 1% to 3% of 13-to 17-year-old girls and 3% to 5% of 13-to 17-year-old boys have BMIs that are at the Ն99th percentile for their age and gender. 44 On the basis of evidence, the use of pharmacologic treatment would be limited primarily to this small group of adolescents.
Limitations
The quality and volume of research on treating child and adolescent obesity has improved substantially since our previous USPSTF review, in which we found study concerns echoed by others, 45 including small sample sizes, high attrition rates (among other quality issues), less-than-ideal outcome measures, and highly heterogeneous treatment approaches. Although several of the newly published trials had Ͼ100 participants, retention remains somewhat problematic, with most reporting retention rates of Ͻ90%. Although outcome measurement has improved, a lingering quality issue is that the blinding procedures for treatment allocation and outcomes assessment were often not described. Treatment approaches remain heterogeneous, and effective treatment trials should be replicated.
The available treatment data for pharmacologic approaches remain limited. There are only 2 weight-loss medications that have been studied (sibutramine and orlistat), with few randomized trials overall, and only 1 large-scale trial of each of the medications. No trials have been conducted among children aged Յ11 years, so no conclusions can be drawn regarding efficacy or safety for those in that age group. We found no data on maintenance of treatment effect or safety after the 6 to 12 months of active treatment ended.
A limitation to our meta-analysis is that we combined different measures of weight change that had different underlying assumptions and distributions. We attempted to minimize the effects of this by analyzing BMI change whenever it was available so that the majority of the trials did use a common metric. Results of a qualitative examination of the forest plots indicated no obvious bias in the trials that used measures other than BMI change, and the pattern of results was similar when the meta-analysis was limited to studies that reported BMI or BMI change.
CONCLUSIONS
The research on weight-management interventions for obese children and adolescents has improved in terms of quality and quantity in the past several years. Current research suggests that behavioral interventions are probably safe in children aged 4 to 18 years and can be effective, particularly moderate-to high-intensity comprehensive programs. Combined behavioralpharmacologic interventions may be useful for obese adolescents, particularly if research confirms that weight loss can be maintained after pharmacologic treatment ends.
The research we reviewed is generally consistent with a recently proposed model of a stepped-care approach to weight-management treatments that increases intensity (and treatmentassociated risk) according to degree of excess weight, age/maturation, health risks, and motivation. 4, 6 This stepped-care model, has been recommended by the Expert Committee (which was convened by the American Medical Association and co-funded in collaboration with the Department of Health and Human Services' Health Resources and Services Administration and the Centers for Disease Control and Prevention [CDC] ). Approaches range from simple preventive messages aimed at younger children and those who are not overweight, to weight-management interventions that increase in intensity as the child becomes more obese or has more weight-related health problems.
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APPENDIX 1: DETAILED METHODS
KQs and Analytic Framework
Using the methods of the USPSTF, 10 we developed 3 KQs (with 6 sub-KQs) and an analytic framework (Fig 3) in conjunction with members of the USPSTF to update its 2005 recommendation on screening for childhood overweight and obesity. 30 These KQs were de-signed to evaluate the effectiveness and safety of behavioral and pharmacologic treatments for overweight and/or obese children. Each KQ focused on a different area of the evidence. KQ1 evaluates the effectiveness of interventions in reducing or stabilizing weight that use short-term outcomes (6 -12 months since enrolling in treatment), whereas KQ2 focuses on the maintenance of BMI improvements through medium-term outcomes (between 1 and 5 years since enrollment and at least 12 months since treatment ended). KQ3 assesses adverse effects of behavioral and pharmacologic interventions. KQ1a and KQ2a consider other beneficial outcomes that arise from the interventions. KQ1b, KQ2b, KQ1c, and KQ2c evaluate whether specific program components and population or environmental factors can be identified for short-or longer-term effective weight-management programs.
Literature Search Strategy
We searched for systematic reviews in Ovid Medline, PsycINFO, the Database of Abstracts of Reviews of Effects (DARE), the Cochrane Database of Systematic Reviews (CDSR), the Cochrane Central Register of Controlled Trials (CCRCT), and the Education Resources Information Center (ERIC) from 2004 to 2007. We selected relevant, goodquality systematic reviews when available to assist in conducting our literature search. Quality criteria were based on USPSTF methods, 10 supplemented by NICE methodology. 11 A 2006 comprehensive NICE report was based on a series of systematic reviews and addressed the prevention and management of obesity in adults and children. 11 Relevant portions of this report served as a basis for the primary search for the literature included in the current report. The NICE report only included orlistat and sibutramine. Therefore, we used another goodquality review of pharmacologic treatments 9 as the basis for our search for pharmacologic treatments. We conducted update searches in Ovid Medline, PsycINFO, DARE, CDSR, CCRCT, and ERIC from 2005 (2003 for pharmacologic treatments) to June 10, 2008, to identify literature that was published after the search dates of these reports (Appendix 2). The literature search and reports 9,11 were supplemented by hand-searching the reference lists of other good-quality reviews of childhood obesity treatment, 5, 12, 13, 30, 46 suggestions from experts, and reviewing reference lists of included trials. We did not search for data from nonpeer-reviewed sources.
Article Review and Data Abstraction
Two investigators independently reviewed 2786 abstracts and 369 articles. Every abstract was considered for inclusion in each KQ. Discrepancies were resolved by consensus. Detailed inclusion/exclusion criteria can be found in Appendix 3. Briefly, the study population included overweight or obese 2-to 18-year-olds. We excluded studies of children with idiosyncratic weight-management issues that were a result of behavioral, cognitive, or medical factors. Trials were required to be designed to promote weight loss or maintenance and report weight outcomes of at least 6 months, although we included immediate harms when they were reported. Interventions that used mazindol were excluded, because it is no longer used in current practice. Trials were required to have a minimal intervention or control group and randomly assign at least 10 participants in each arm. Only controlled trials (RCTs and controlled clinical trials) were included for efficacy (short-term and maintenance) of behavioral and pharmacologic treatments. Weightmanagement programs for which prespecified adverse events that resulted in death, hospitalization, or need for urgent medical or psychiatric treatment were reported were included to assess harms (KQ3) for all treatment modalities, even if 1 of our specified weight outcomes was not reported or did not meet the minimum 6-month follow-up required for the other KQs. In addition, we abstracted all reports of harms or potential harms in included studies. We limited our consideration of behavioral interventions to those published in or after 1985. We did this because of the dramatic increases in overweight in children that occurred during the 1980s and 1990s and changes in environmental and social factors related to weight gain, such as types and quantities of food readily available to children (eg, fast-food purveyors in school cafeterias, vending machines with soft drinks and candy widely available in schools) and the increased availability of sedentary activities in the home (such as computers, home DVD/video players, and video games), made the generalizability of studies to the current environment questionable.
We only examined other beneficial outcomes (KQ1a and KQ2a), important components of care (KQ1b and KQ2b), and population or environmental factors (KQ1c and KQ3c) by using trials that were included for KQ1 (short-term efficacy) or KQ2 (maintenance efficacy). When reported, we abstracted data on beneficial outcomes, including their impact on comorbidities.
We used a 2-step process to determine which specific intervention components we examined for KQ1b and KQ2b. First, we examined previous literature and identified several factors that may affect weight outcomes in behavioral interventions. These include whether the studies included organized physical activity sessions, 47 behavioral management techniques 30, 45 (for dietary and physical activity), or involved parents or families in addition REVIEW ARTICLES to the child (clarifying the extent to which parental involvement is important and for what ages). 5, 45, 48 Second, we examined the distribution of treatment elements between successful and unsuccessful treatment trials. To do this, we coded the age of the participants (C, children only [only included children aged Յ12 years]; A, adolescents only [only included those aged Ն10 years]; and B, both age groups [age range included both younger children and adolescents]). We coded the 3 main components of behavioral interventions as follows: (1) presence of organized physical activity sessions (0, did not provide organized physical activity session; 1, provided organized physical activity); (2) use of behavioral modification principles (0, no or minimal use of behavioral modification principles; and 1, applied behavioral modification principles in treatment); and (3) family involvement (0, no parental involvement beyond consent/receiving materials; 1, parent attended 1-3 sessions, less intensive involvement than child; and 2, parent was also a primary recipient of treatment).
One investigator abstracted data from included studies into evidence tables. A second investigator verified the evidence tables' content. Two investigators independently quality rated all studies by using established designspecific criteria (Appendix 4). Discrepancies were resolved by consensus or consultation with a third investigator. Poor-quality studies were excluded. Eight trials of behavioral interventions 49-56 and 1 of pharmacologic treatment 57 were excluded because they did not meet our quality criteria. See Appendix 5 for more detail on quality rating.
Treatment intensity was categorized according to hours of contact: very low intensity (Ͻ10 hours), low intensity (10 -25 hours), medium intensity (26 -75 hours), or high intensity (Ͼ75 hours). Thus, at the least, a highintensity program would amount to twice-weekly hour-long meetings for 6 months and once-weekly hour-long meetings for the following 6 months, assuming that no more than 2 sessions were missed. The lowest end of the medium-intensity range would involve weekly hour-long meetings for 6 months. Weight outcomes were categorized as short-term (6 -12 months since beginning treatment) or mediumterm (between 1 and 4 years after beginning treatment and at least 12 months after ending active treatment). The longest follow-up reported in any of the included trials was 4 years. Maintenance was evaluated when possible by using multiple measurements in the same individuals at least 12 months after an active intervention ended or by using single postbaseline measurements in the medium-term. Weight outcomes were abstracted as reported and included many different measures: end-point BMI; absolute change in BMI from baseline; percent change in BMI from baseline; absolute change in BMI SDS from baseline; end point-weight; and absolute change in weight from baseline.
In addition, we evaluated whether a treatment was comprehensive. Interventions were considered comprehensive if they included all of the following elements: (1) counseling for weight loss or healthy diet; (2) counseling for physical activity or a physical activity program; and (3) instruction in and support for the use of behavioral management techniques to help make and sustain changes in diet and physical activity. An intervention was considered to use behavioral management techniques if any of the following elements were described: self-monitoring (having the child document dietrelated behaviors or physical activity); stimulus control (modifying factors that seem to serve as cues that lead to inappropriate eating, such as watching television); eating management (techniques specifically aimed at modifying the act of eating, such as eating slowly); contingency management (contingency contracting, with which rewards are given for desired eating or exercise behaviors, weight loss, or treatment adherence); cognitivebehavioral techniques (the attempt to alter maladaptive cognitions related to health behaviors or to use cognitive approaches to enhance behavior change, such as problem-solving to cope with high-risk situations).
Literature Synthesis
This review included studies of both behavioral interventions and pharmacologic agents. We address each type of intervention for each of the 6 KQs listed in our analytic framework. We discuss each pharmacologic agent as a separate intervention.
When possible, data were synthesized by using quantitative methods. For most questions, however, we relied on qualitative synthesis because of significant heterogeneity in setting, age range, intervention approach, weight outcome reported, and timing of outcome reporting among the limited number of studies available for each overall type of intervention. We modeled typical cases to more clearly articulate the magnitude of weight or weight change in pounds. In these cases, we used growth charts published by the CDC 58 to estimate average height for age and to translate between-percentile scores, BMI, and percent overweight (based on CDCpublished 50th-percentile scores for weight or BMI). We also used online calculators provided at the CDC Web site 59,60 for calculating BMI and BMI percentiles. We used the following formula to convert BMI to pounds for an illustrative child of a given age and height: pounds ϭ (BMI ϫ inches 2 )/703.
Studies have reported a variety of weight outcomes including BMI, BMI percentile scores, BMI SD or z scores, and percent overweight. All of these measures have strengths and limitations. Although BMI is reliably measured and widely used, it can be problematic when averaging BMI change over a wide age range at which younger children would naturally show smaller changes. Percentile scores are helpful when describing weight change in children of many ages, because they are a measure of relative overweight rather than absolute weight. The limitation of percentile scores, however, is that there can be a large range in the highest extremes (Ͼ99th percentile).
To avoid the difficulties with a limited upper range of BMI percentile scores, many researchers report BMI SDSs (also known as z scores) or measures of "percent overweight." Both of these are measures of the relative degree of overweight similar to percentile scores but without a truncated upper limit. BMI SDS is calculated as the number of SD units above or below the median, based on statistically derived curves. 61 BMI SDS requires the use of published computer programs that access reference data and formulae such as that published by the CDC. 62 Percent overweight is calculated by a simple formula: 100(child's BMI/50th percentile BMI for child's age and gender).
This method was used chiefly in earlier studies that were published before computer programs were available to calculated BMI SDS. The disadvantage of using percent-overweight scores is that they do not account for the known weight distribution.
Quantitative Synthesis
For the behavioral interventions, we conducted meta-analyses of shortterm and maintenance outcomes separately. Most trials reported weight outcomes as postintervention BMI or changes in BMI from baseline and compared those changes between intervention and control groups. Among trials for which BMI or change in BMI were not reported, 3 trials reported weight outcomes as changes in BMI SDSs, 17, 19, 26 and 1 trial reported changes in percent overweight. 23 Three 18, 19, 26 of the trials that reported BMI or related measures between groups at follow-up statistically tested only whether shape and slope of the curves from baseline through follow-up were significantly different. For 1 of these trials 26 we used 24-month outcomes as an estimate for 12-month outcomes, which were shown graphically, but the means and SDs were not reported. The 24-month outcome is a slight underestimate of the 12-month effect, and although the 24-month effect was not statistically significant crosssectionally, we show it as being statistically significant in Table 3 and in the text descriptions because the graphical display in the article indicated nonoverlapping CIs at a 12-month follow-up.
We focused on the change in BMI from baseline as the preferred measure of weight change when it was available. If BMI change was unavailable and could not be calculated, we used change in BMI SDS as our second choice and change in percent overweight as the third choice. Because we combined different outcomes, we analyzed standardized effect sizes. We also ran a meta-analysis to examine only those reporting BMI change and found that that pattern of results and magnitude of effects were similar to those seen in the primary meta-analysis that included all trials (and allowed different measures of weight change). We report the more comprehensive results in the meta-analysis including all trials.
The number of observations included in the analysis of interest to this review (as opposed to, eg, the number randomized or the number with complete data) was used as the n in the meta-analysis. If both intention-totreat and completers-only analyses were reported, we selected the intention-to-treat analysis for inclusion in the meta-analysis. If a trial involved 2 active treatment arms, the arm with the greater number of treatment hours or that was judged to be most comprehensive was selected for the meta-analysis. If outcomes were reported at multiple time points in the short-term, we chose the one closest to 12 months after baseline. Maintenance outcomes at more than 1 time point for both intervention and control groups were not reported for any trials. We used random-effects models because the trials varied considerably along many dimensions that would affect both baseline BMI (eg, age, minimum overweight inclusion criteria) and change in BMI (eg, intensity of intervention, comprehensiveness of treatment program). All metaanalyses were conducted by using RevMan 4.2.
Trials were grouped according to comprehensiveness and intensity into 4 categories: (1) comprehensive, medium (26 -75 hours of contact) to high (Ն76 hours) intensity; (2) comprehensive, low intensity (11-25 hours); (3) comprehensive, very low intensity (Ͻ10 hours); and (4) focused interventions. Interventions were considered to be comprehensive if they provided dietary counseling and physical activity counseling and used behaviormodification principles to assist with behavior change. Trials were only statistically combined within category. All trials for which maintenance outcomes (KQ2) were reported fell into different categories and, therefore, were not statistically combined, although the forest plot is presented to facilitate comparison with across trials.
If mean change scores from baseline for each group were not reported, we calculated an unadjusted differ-ence between the mean baseline and mean follow-up scores for each group by using simple subtraction. SDs of the change scores were reported in 5 trials with posttreatment outcomes and 1 trial with follow-up outcome. In addition, 2 authors who did not report them in published articles provided us with these unpublished data. 21, 27 We calculated SDs for trials that did not report them. Baseline BMI is highly correlated with posttreatment and follow-up BMI, and we had to take this correlation into account when calculating the SDs of the change scores. To estimate the degree of correlation, we examined data from a recently published trial in a school setting 63 in which both the SDs of the change scores (which we were attempting to calculate) and the SDs of the baseline and posttreatment BMIs (which we would use to calculate of the SDs of the change scores) were reported. Although this trial was excluded from the current review because of the setting, it used an intervention approach and population comparable to those targeted by this review. From this trial, we ascertained that the correlation between the baseline and posttreatment BMI was ϳ0.90. Therefore, we assumed a correlation of 0.90 for the remaining trials and calculated SDs of BMI change by using the following formula: SD baseline-follow-up ϭ sqrt(SD baseline 2 ϩ SD follow-up 2 Ϫ [2 ϫ 0.90 ϫ SD baseline ϫ SD follow-up ]).
When given SEs rather than SDs, we calculated SDs by multiplying the SE by the square root of n. When given symmetric confidence limits rather than SDs, we determined the SD by using the following formula: SD ϭ CI width ͌ n/2 (1.96) . The assignment of subjects to treatment groups is randomized Important differential loss to follow-up or overall high loss to follow-up An adequate concealment method is used Measurements: equal, reliable, and valid (includes masking of outcome assessment) Subjects and investigators are kept "blind" about treatment allocation
APPENDIX 4 Evidence
Clear definition of the interventions The treatment and control groups are similar at the start of the trial All important outcomes considered
The only difference between groups is the treatment under investigation All relevant outcomes are measured in a standard, valid, and reliable way What percentage of the individuals or clusters recruited into each treatment arm of the study dropped out before the study was completed? All the subjects are analyzed in the groups to which they were randomly allocated (often referred to as intention-to-treat analysis) Where the study is carried out at Ͼ1 site, results are comparable for all sites Cohort studies Initial assembly of comparable groups uses consideration of potential confounders with either restriction or measurement for adjustment in the analysis; consideration of inception cohorts
The study addresses an appropriate and clearly focused question
Maintenance of comparable groups (includes attrition, crossovers, adherence, contamination)
The 2 groups being studied are selected from source populations that are comparable in all respects other than the factor under investigation Important differential loss to follow-up or overall high loss to follow-up
The study indicates how many of the people asked to take part did so, in each of the groups being studied Measurements: equal, reliable, and valid (includes masking of outcome assessment)
The likelihood that some eligible subjects might have the outcome at the time of enrollment is assessed and taken into account in the analysis Clear definition of the interventions What percentage of individuals or clusters recruited into each arm of the study dropped out before the study was completed? All important outcomes considered
Comparison is made between full participants and those lost to follow-up, by exposure status The outcomes are clearly defined The assessment of outcome is made blind to exposure status When blinding was not possible, there is some recognition that knowledge of exposure status could have influenced the assessment of outcome
